Context. Recent observations of a large number of DA and DB white dwarfs show evidence of debris disks, which are the remnants of old planetary systems. The infrared excess detected with Spitzer and the lines of heavy elements observed in their atmospheres with high-resolution spectroscopy converge on the idea that planetary material accretes onto these stars. Accretion rates have been derived by several authors with the assumption of a steady state between accretion and gravitational settling. The results are unrealistically different for DA and DB white dwarfs. Aims. When heavy matter is accreted onto stars, it induces an inverse µ-gradient that leads to fingering (thermohaline) convection. The aim of this letter is to study the impact of this specific process on the derived accretion rates in white dwarfs and on the difference between DA and DB. Methods. We solve the diffusion equation for the accreted heavy elements with a time-dependent method. The models we use have been obtained both with the IRAP code, which computes static models, and the La Plata code, which computes evolutionary sequences. Computations with pure gravitational settling are compared with computations that include fingering convection. Results. The most important result is that fingering convection has very important effects on DAs but is inefficient in DBs. When only gravitational settling is taken into account, the time-dependent computations lead to a steady state, as postulated by previous authors. When fingering convection is added, this steady state occurs much later. Conclusions. The surprising difference found in the past for the accretion rates derived for DA and DB white dwarfs disappears. The derived accretion rates for DAs are increased when fingering convection is taken into account, whereas those for DBs are not modified. More precise and developed results will be given in a forthcoming paper.
Introduction
Recent high-resolution spectroscopy observations have revealed the presence of heavy elements in the spectra of an increasing number of DA and DB white dwarf stars, classified as DAZ and DBZ white dwarfs. They account for a fraction between 5 (Koester et al. 2005 ) and 20 percent (Zuckerman et al. 2003) of the DA and DB white dwarfs with effective temperatures below 25000K (Zuckerman et al. 2007 , Vennes et al. 2010 , Zuckerman et al. 2011 , Dufour et al. 2012 . When different chemical species are present in the stellar atmosphere, their abundance ratios are similar to the abundance ratios determined for the Earth's bulk (Melis et al. 2011 ). In the meantime, observations from Spitzer revealed an infrared excess from a number of white dwarfs. This excess is interpreted as the proof of a circumstellar disk orbiting these stars (Farihi 2011 , Xu & Jura 2012 , Girven et al. 2012 ). Many of the white dwarfs exhibiting such infrared excess also show heavy elements in their atmosphere. These two observational facts are linked and indicate that material from the disk is accreted onto the white dwarfs, polluting their atmospheric composition with heavy elements. These disks seem to be the remnant of planetary systems orbiting the white dwarfs.
The presence of heavy elements in white dwarf atmospheres raises the question of how they can remain at the surface, either in the radiative photophere or in the surface convection zone since the gravitational settling takes place on a very short time scale. As shown by Vauclair et al. (1979) and Chayer et al. (1995) , the radiative levitation is not efficient enough to balance this settling for effective temperatures below 25000 K. This suggests that we observe an ongoing accretion process of disk material, which may be due to the tidal disruption of an asteroid-like body (Jura 2003) responsible for the infrared excess.
The accreted heavy elements diffuse downwards either at the radiative photospheric level or below the convective zone inside which they have been mixed. A number of studies have estimated the accretion rate by using the observed heavy element abundances, assuming a steady state between the accretion rate and the gravitational settling. Up to now, these estimates have only taken the gravitational settling into account below the standard convective zones (Dupuis et al. 1992 , Dupuis et al. 1993a , Dupuis et al. 1993b , Koester 2009 . Using this method, Farihi et al. (2012) obtained accretion rates ranging from 10 5.5 to 10 9.5 g.s −1 for DAZ and from 10 5.5 to 10 11.5 g.s −1 for DBZ white dwarfs. These values correspond to a few asteroid masses accreted in millions of years. More precisely, 10 9.5 g.s −1 accreted during ten million years are equivalent to the mass of Ceres. That accretion rates above > 10 9.5 g.s −1 are only found for DBZ is surprising since the white dwarf envelope composition should not play any role in the physics of the accretion process. Deal et al. (2013) points out that an efficient physical mechanism had been forgotten in these computations, namely "fingering" convection, which is similar to the thermohaline convection observed in the oceans (see, for example, Huppert & Moore 1976 and Gill 1982) . This instability is likely to occur whenever heavy elements accumulate in the outer layers of a star (Vauclair 2004 , Garaud 2011 In this letter we explore the consequences of this process on the derived accretion rates. We show the results obtained by solving the diffusion equation for heavy elements, including both the gravitational settling and the fingering convection, for a few typical models of DA and DB white dwarf stars. We find that the fingering convection plays a dominant role for the DAZ but has a negligible impact on the DBZ. This process, forgotten in previous computations, may reconcile the accretion rates derived for DAZ and DBZ white dwarfs.
Global treatment of fingering convection and gravitational settling

The fingering (thermohaline) convection
Accumulating heavy elements in the outer layers of a star induces an inverse µ gradient in the radiative zone below the mixed region. This accumulation leads to fingering (thermohaline) instability, provided that the so-called "density ratio", defined as ) and the µ-gradient
Fingering convection is usually treated as a macroscopic diffusion process, with a mixing coefficient that has recently been derived in various ways. Here we use the expression given by , calibrated on the 3D numerical computations by Traxler et al. (2011) :
where C t = 12 (calibrated constant), κ t is the thermal diffusivity, and τ the inverse Lewis number.
The diffusion equation
The general equation of diffusion, including gravitational (microscopic) settling and fingering (macroscopic) mixing is written as
where ρ is the density, V D the microscopic diffusion velocity, V th the fingering diffusion velocity, and c the number concentration of heavy elements. The microscopic diffusion velocity is computed in the same way as usual (see, for example, , and the fingering velocity is given by
where D th is the mixing diffusion coefficient. 
Models
Choice of the DA and DB models
We solved the diffusion equation either with gravitational settling alone or with both gravitational settling and fingering convection in a sample of DA and DB white dwarf models. We selected six models with parameters representative of six observed white dwarfs covering the range of effective temperatures of the DAZ and DBZ (see Table 1 ). We used two sets of DA and DB models with similar effective temperatures of 10600 K and 17000 K, respectively, to compare the effect of fingering convection for stars with different chemical compositions and the same temperature, and for stars with same chemical composition but different temperatures. We also added one DA model with an effective temperature of 12800 K, which is representative of white dwarfs with thin convective zones, and one DB with an effective temperature of 21110 K as an example of hot DBs. The mass of the models has been chosen as 0.59 M ⊙ , which is typical of the observed white dwarfs.
Characteristics of the models
The DA models were computed with the IRAP code originally described in Dolez & Vauclair (1981) and updated by more recent opacity tables, equation of state, and electron conduction from Itoh (1992) . For this preliminary study we only considered DA models with thick hydrogen mass fraction of M H /M * = 10 −5 . For the DB, we selected models in an evolutionary sequence obtained with the stellar evolution code of La Plata (LP-CODE; Althaus et al. 2010 ).
The computations
The diffusion equation was solved using a semi-implicit finite differences method as described by Charbonnel et al. (1992) . Because of the very different characteristic time steps for the two processes, and the non-linearity of the mixing by fingering convection, the computations were quite time-consuming. For this reason, we used static models without taking the increase in the depth of the dynamical convective zone induced by the accumulation of heavy elements into account. One of us (F.W.) began a full treatment of this mixing along a white dwarf evolution sequence. Preliminary results show that the fractional mass mixed by the fingering convection exceeds the increase in the dynamical convective mass by orders of magnitude. Results obtained with this full treatment will be included in a forthcoming paper. M. Deal , S. Deheuvels, G. Vauclair , S. Vauclair , and F. C. Wachlin : Accretion from debris disks onto white dwarfs
The treatment of accretion
We considered a continuous accretion rate of an average fictitious element with a mass of 40 corresponding to calcium. We converted the observed Ca abundance into total accreted mass by assuming that Ca represents 1.6 percent of the accreted mass in agreement with the Earth's bulk composition (Allègre et al. 1995) , as in Farihi et al. (2012) . The calcium values that have been chosen as constraints for the models are consistent with the abundances observed for stars of similar effective temperatures by Koester & Wilken (2006) for the DAZ, and Zuckerman et al. (2010) and Desharnais et al. (2008) for the DBZ white dwarfs.
The accretion was assumed to occur isotropically on the white dwarf surface. When there is a surface convective zone, we considered that the accreted mass is mixed in the convective zone instantaneously. This is justified since the typical convective turnover time scale is a few seconds in white dwarfs. When there is no surface convection zone, we assumed that the accreted material is mixed in an arbitrary surface layer corresponding to the photosphere, as in Koester (2009) .
The results
Determination of accretion rates
To determine the accretion rates, we iterated our computations each time so as to obtain the same element abundances in the outer layers of the models as observed. Our results show that in most cases, as postulated by Farihi et al. (2012) , a steady state may actually be reached after some time; however, this happens much later when fingering convection is added rather than for gravitational diffusion alone.
An interesting case is that of DA white dwarfs with very thin convective zones. This case is discussed in the conclusions below, and presented in more detail in a forthcoming paper.
Results for the DAs
To compare our work with the previous ones, we performed two types of computations, first with gravitational settling alone, and second with both gravitational settling and fingering convection. The results are presented in the top panel of Fig. 1 for the DA model 3 with 16900 K. When fingering convection is included, the accretion rates needed to reproduce the observed surface abundances are larger by almost 2 orders of magnitude (see Table 2). A steady state is reached in both cases but at a later time when fingering convection is included. The abundances profile shapes evolve very differently as shown in Fig. 2 (top panel) . The fingering convection mixes the heavy elements much more deeply than predicted when only gravitational settling is taken into account.
Results for the DBs
The same computations have been done for the DB model 5 with 17100 K (bottom panel Fig. 1 ). In this case, the fingering convection is inefficient, and the two curves showing the time evolution with and without the fingering convection are indistinguishable. The accretion rates are the same (see Table 2 ). The profile shapes are also similar (Fig. 2 bottom panel) . The inefficiency of the fingering convection in the DBs is due to a R 0 value higher than the Lewis number below the convection zone, which precludes the fingering instability developing. Only for the hottest Log(Z/H) mix Log(t (s)) DB model (model 6 with 21110 K) does the fingering convection begin to play a marginal role.
Discussion and conclusion
Our most important result is the strong behaviour difference of fingering convection in DA and DB white dwarfs. For similar effective temperatures, it plays a major role in the hydrogen environment of DAs but is completely inefficient in the helium environment of DBs. The reasons include the difference in the depth of convective zones, the difference in the thermal diffusivity in the radiative zone below, and the difference in the ambient mean molecular weight. Although more computations are needed to study all the white dwarfs with observed heavy elements, we strongly suggest that the difference in the derived accretion rates for both kind of stars, as found by previous authors, comes from not taking fingering convection into account.
Our numerical computations confirm that a steady state between accretion and diffusion may generally be reached after some time, and much later when fingering convection is considered than with pure gravitational settling. One interesting case, not shown in this paper, but one that will be extensively presented in a forthcoming paper, is that of DAs with a very small hydrogen layer. In this case the accreted matter is mixed by fingering convection down to the transition region between H and He. Owing to the stabilizing µ-gradient, fingering convection is stopped at that depth. The only reason that heavy elements may still migrate below this region is their microscopic settling in the helium environment, which is quite slow. For this reason, and only in this case, heavy matter remains in the stellar outer layers long after accretion has stopped.
In all other cases, accretion rates may be derived in the same way as previously done with pure settling, except that the results are several orders of magnitude more than before for DAs. Fingering convection seems to be the missing process in previous computations, which reconciles the rates derived for DAs and DBs. This conclusion is quite satisfying because no reasons could be found for a different accretion process according to the internal chemical composition of the accreting star. We now know that the same accretion process can account for the observations of both kinds of stars.
